Although there have been numerous studies on the prevalence and incidence of carriage of Klebsiellae both gentamicin-sensitive,'2 and gentamicin-resistant,3 4 little is known of the persistence of such carriage except from anecdotal reports.5 6 The occurrence of resistance in enterobacteria to gentamicin is still sufficiently unusual to provide a good selective marker and greater precision can be achieved by using epidemiological tools such as serotyping, biotyping and klebecine typing. Use of these methods has permitted a comparative study on the ability of various gentamicin-resistant entero- bacteria to persist in the intestinal and urinary tracts of patients.
In January 1979 a large outbreak of infection due to gentamicin-resistant enterobacteria began at the Royal Liverpool Hospital and in the two-year period until January 1981 involved 260 patients. The majority of patients (193) presented with evidence of urinary tract infections and most of these (146) occurred following the insertion of urinary catheters or following surgical manipulation of the urinary tract. The remaining patients presented with surgical Accepted for publication 20 August 1981 wound infections (13) , lower respiratory tract infections (14) and there was one case of primary bacteraemia. In addition 39 patients showed intestinal carriage in the absence of infection. Gentamicin-resistant strains of Klebsiellae, E coli, Citrobacter, Enterobacter, Proteus and Providencia have been isolated from the patients (Table 1) . Resistance to all the antibiotics listed above was transferable en bloc to E coli (K12) from each of the 95 strains tested. Klebsiellae were subjected to capsular serotyping by Coventry PHLS using counter-immunoelectrophoresis (CIE),12 and the identity of serotypes K2, K39, K43, K47 and K68 were confirmed in our laboratory using both CIE and "Quellung" reactions.13 To establish that a patient was no longer harbouring gentamicinresistant enterobacteria, three consecutive sets of negative specimens including at least one faecal sample were required.
Statistical analysis was carried out using the x2 test (with Yates' correction where applicable) and Student's t test.
Results

CARRIAGE
The mean incidence of carriage of gentamicinresistant enterobacteria (Table 2 ) was obtained on patients carrying such strains at any one site on two or more occasions. Of the 260 patients involved in the outbreak 217 (83 5 %) showed intestinal carriage. Excretion from the intestinal tract was significantly less sporadic than from any other site. However intestinal carriage of gentamicin-resistant enterobacteria was dependent upon the genus involved (Table 3) . Patients affected by gentamicin-resistant strains of Citrobacter were significantly less likely to carry such strains in their intestinal tracts than patients harbouring similarly resistant strains of E coli or Klebsiellae. 0-02 ± 0-08
The results are expressed as the mean incidence of carriage ± the standard deviation. p is the probability that the incidence index was less than that for the intestinal tract. tP is the probability (by x2 test) that the organism was less likely to be isolated from the intestinal tract than Klebsiellae. NS = not significant.
Vaginal swabs were positive from 49 out of 68 patients tested (72%) but the incidence of isolation was more sporadic than from the intestinal tract. However on direct comparison of 209 sets of rectal and vaginal swabs from 49 patients it was found that both swabs were positive on the majority of occasions (68% The incidence of carriage of gentamicin-resistant enterobacteria at skin sites was dependent upon their distance from the perineum ( Table 2 ). The groin was positive for 61% (22/36) patients, the umbilicus for 33% (6/18), the axillae for 12X5% (3/24) and the anterior nares for 4-5 % (1/22) of patients.
Since carriage of gentamicin-resistant enterobacteria was least sporadic in the intestinal tract, the duration of carriage of each of the different enterobacteria at this site was chosen for further study. Table 4 shows the time taken for loss of intestinal Although on average patients who did not lose intestinal carriage were studied for longer than patients who lost carriage, not all patients were studied for long periods and this may give a falsely low estimate of the rate of loss of carriage of such organisms. In order to circumvent this difficulty the patients who lost intestinal carriage were divided into cohorts depending on the ten-day period in which they lost carriage. The numbers losing carriage in each ten-day period were then expressed as a proportion of the patients who were studied during that ten-day period or longer. (10) showing intestinal carriage was small. However the majority (6) of patients lost carriage rapidly (< 5 days) and no patient showed carriage for longer than 60 days. Although infections due to Citrobacter were cleared more rapidly than those due to Klebsiellae (Table 6) , the difference was not statistically significant. A similar analysis to that shown in Table 5 was carried out on those patients with urinary tract infections due to gentamicin-resistant Klebsiellae (Table 7 ). The rate of clearance was less uniform than for loss of rectal carriage, however a mean rate of loss of 3-7 ± 3 8 % of the patients for each ten-day period was obtained (a half-life of 180 days). In addition three patients had chronic bacteriuria that persisted for over 200 days, and one for over 580 days. The number of patients with chronic bacteriuria due to gentamicin-resistant strains of E coli and Citrobacter was too small for such an analysis. However two patients had chronic bacteriuria due to E coli that persisted for over 100 days. In contrast in the majority of cases bacteriuria due to gentamicinresistant Citrobacter did not persist beyond 30 days and only one patient showed chronic bacteriuria of over 40 days.
Discussion
SITE OF CARRIAGE
The intestinal tract provided a good reservoir for gentamicin-resistant enterobacteria, an observation that has been made previously for less resistant Klebsiellae.1 Excretion of such organisms from this site was significantly less sporadic than from any other site and was present on almost every occasion that the patients were sampled (mean incidence index 0 92). This finding gives additional support to our preliminary experiments which showed that rectal swabs cultured on selective solid media were as sensitive as faecal culture for detecting gentamicinresistant enterobacteria. If rectal swabs were not sufficiently sensitive the excretion would have appeared far more sporadic. Although it is known that the vaginal flora can vary especially during the use of the contraceptive "pill" or after the menopause little attention has been paid to vaginal carriage of Klebsiellae.14 This site formed the second largest reservoir of gentamicinresistant enterobacteria and on direct comparison with rectal swabs taken from the same patients at the same time was as frequently positive. This could be of importance in the development of urinary tract infections as the site is so close to the urethra.
During the outbreaks reported from London3 and from Bristol4 oral carriage of gentamicin-resistant Klebsiellae was noted in 25% of 16 patients and 10% of 29 patients respectively. These proportions are lower than the 35-5% (of 217 patients) in the present outbreak. However, neither of the former reports indicated the number of times that patients were sampled. The presence of gentamicin-resistant enterobacteria in the mouth was highly sporadic Hart, Gibson (mean incidence index 0-30) and it is conceivable that a sample taken on one occasion only could lead to a falsely low estimate of oral carriage. The observation that moribund patients were more likely to show oral carriage of gentamicin-resistant enterobacteria confirms and extends earlier reports' 15 on less resistant strains.
DURATION
Gentamicin-resistant strains of E coli, Klebsiellae (not Klebsiella oxytoca) and Enterobacter were more likely to be carried in the intestinal tract, vagina and mouths of affected patients than similarly resistant strains of Citrobacter. Indeed when gentamicinresistant strains of Citrobacter or Klebsiella oxytoca were isolated from the intestinal tract, carriage was not prolonged, suggesting that the intestinal tract did not provide a reservoir for cross-infection with these strains. In contrast excretion of gentamicin-resistant strains of E coli and Klebsiellae persisted for long periods (half-lives of 140 days and 100 days respectively). The concept of half-life for carriage of these strains whilst implying a regularity that the process does not possess, does provide a measure of the duration of carriage. It also indicates that the resistance plasmid coexists well with its host organism, even in the absence of antibiotic therapy. In addition patients who were removed from the hospital environment were as prone to show persistence of carriage of resistant enterobacteria as those who remained in hospital (data not shown). When carriage of gentamicin-resistant Klebsiellae ceased both the host organism and the plasmid were lost thus providing further evidence of the stability of the plasmid.
INFECTION
Gentamicin-resistant strains of Klebsiellae (other than Klebsiella oxytoca) and E coli were excreted in the urine for long periods. In contrast similarly resistant strains of Klebsiella oxytoca, Citrobacter and Enterobacter were rapidly cleared from the urine generally following removal of an in-dwelling urinary catheter. Thus another reservoir of infection is provided by patients infected with gentamicinresistant strains of E coli and Klebsiellae. Perhaps of greater significance is the fact that simple procedures such as insertion or removal of in-dwelling urinary catheters or even straining to micturate following removal of a catheter can lead to bacteraemia'6 and the longer that bacteriuria persists the greater is the chance of this occurrence. In addition it has been demonstrated that elderly patients with chronic bacteriuria have their life expectancy decreased by 30%-50%.17 These factors must be weighed against the possibility of development of further resistance18 in deciding whether to treat such patients.
Gentamicin-resistant Klebsiellae (other than Klebsiella oxytoca) are well fitted for cross-infection as they survive well on skin and on drying,7 become part of the intestinal flora and produce chronic bacteriuria. Gentamicin-resistant strains of E coli are fitted for autoinfection as they readily become established in the intestinal and urinary tracts but are less well fitted for cross-infection since they do not survive well on skin or on drying.7 Finally, gentamicin-resistant strains of Citrobacter are poorly fitted for both cross-infection and autoinfection as they are not easily established in the intestinal tract and do not survive well on skin or on drying. 
